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We measured dioxins in breast milk from 100 primiparae from Naples and Caserta.
 Dioxin levels were related to a set of environmental and individual risk factors.
 Dioxin in breast milk is correlated to environmental contamination and age of donor.
 Illegal burning of solid waste in the vicinage is also a signiﬁcant risk factor.a r t i c l e i n f o
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Naples and Caserta provinces are extensively affected by the illegal dumping of hazardous and urban
wastes, which were periodically set to ﬁre. Several studies were made on the possible health impact of
this illegal waste management. The aim of the study was to detect dioxins levels in breast milk of volun-
teer primiparae and to assess the possible source of dioxins in the affected areas. The authors determined
dioxins levels in breast milk from 100 primiparae from the study area and collected anamnestic informa-
tion on donors. We determined dioxins levels in breast milk from 100 primiparae from the study area and
collected anamnestic information on donors. As a measure of environmental risk of dioxins (EDR) we
used the interpolated values of dioxins concentration in buffalo milk samples collected in the study area.
Correlations between the EDR, age of the mother, smoking habit, cheese consumption, occupation in
activity at risk, presence of plants for the disposal of toxic waste or illegal burning of solid waste near
the residence of the donor and dioxin level in breast milk were investigated. The dioxin level in breast
milk is signiﬁcantly correlated to the EDR, the age of the sampled women and the presence of illegal
burning of solid waste.
 2013 Published by Elsevier Ltd.1. Introduction
Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans
(PCDFs), commonly referred to as dioxins, is a group of organochlo-
rine compounds that belong to a list originally comprised of 12
persistent organic pollutants (POPs) that are regulated under the
Stockholm Convention on POPs.The toxicity of individual dioxin congeners differs considerably.
Among 210 congeners, only 17 have signiﬁcant toxicity because of
the substitution of hydrogen with chlorine atoms at least in the
2,3,7,8-positions (Van den Berg et al., 1998, 2006).
These compounds have a similar toxicological proﬁle to that of
the most toxic congener (2,3,7,8-TCDD).
The toxic responses include dermal toxicity, immunotoxicity,
carcinogenicity, and adverse effects on reproduction, embryo
development, and endocrine functions (IARC, 1997, 2012; Schecter
et al., 2006; Lundqvist et al., 2006; Yamada et al., 2006; Cordier
et al., 2010; Imura et al., 2010; Puga, 2011).
Carcinogenic effects of dioxins have been described and docu-
mented at high dose exposures, such as after the Seveso accident
(Consonni et al., 2008; Pesatori et al., 2009; Warner et al., 2011)
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with mixed and inconsistent results among the different publica-
tions (Ketchum et al., 1999; Pavuk et al., 2005; Michalek and Pav-
uk, 2008). At low doses, however, dioxins are known to be
responsible of adverse health effects, even if of a completely differ-
ent nature than the onset of tumours. In fact, in utero and lacta-
tional exposure of children to relatively low dioxin doses can
permanently reduce sperm quality (Mocarelli et al., 2011).
Human milk is recognized as the preferred matrix because has
several important advantages. Biomonitoring of human milk data
can provide information on the exposure of the mother as well
as the infants. More recently, it has been recognized that human
milk is an ideal matrix to generally monitor levels of persistent or-
ganic pollutants in the environment (WHO, 2007). Globally, a num-
ber of papers have been published on the measurement of PCDD/Fs
in human milk (see Table 1). The study designs vary considerably
from study to study:
 In some study several milk samples are pooled together before
the analysis, in other studies samples are analysed individually.
 Parity of the milk donor is also important because the higher
the parity the more PCDD/Fs have been depleted, therefore
many studies tend to prefer primiparous donors, or at least
donors are separated according to their parity.
 The age of the donor is also relevant for POPs since they are sub-
ject to accumulation along the life.
 The origin of the donor -or at least her residence in a speciﬁc
place for a speciﬁed duration of time- is important for the donor
to be representative of a certain geographical area.
 Various sources of environmental and occupational exposure
may affect the body burden of PCDD/Fs and many studies are
devoted to compare exposure factors each other or to compare
the presence and absence of such factors.
All the listed factors must be taken into consideration in design-
ing a study on the burden of PCDD/Fs and, depending on the objec-
tives of each study, different solutions and different study design
may be implemented. In Table 1 is a summary of different designs
implemented in different countries during the last 15 years. An
important guideline in designing a study based on the testing of
breast milk to evaluate the human exposure to PCDD/Fs, is given
by a protocol prepared by WHO in 2007 (WHO, 2007). In Table 1,
the listed studies are sorted according to their compliance to the
WHO guideline. This does not mean that the studies are sorted
according to their overall quality, because the speciﬁc objectives
of the studies may suggest derogating, even substantially, from
the WHO guideline.
A vast area of the provinces of Caserta and Naples in the Camp-
ania region of Italy has been extensively affected in the last
30 years by the illegal dumping of hazardous and urban wastes,
which were eventually set to ﬁre.
In this area, an excess mortality for various types of tumours
has been observed (Martuzzi et al., 2009), and it is suspected that
such phenomenon is linked to the environmental pollution by var-
ious chemicals, including dioxin. The level of exposure of human
beings to dioxins in the study area was unknown.
In the framework of the National Residues Surveillance Plan
activities, dioxin levels exceeding the European Union tolerance
limit were detected in sheep milk samples collected in November
2001 in Campania region (Diletti et al., 2003). To investigate this
phenomenon, a survey was conducted from April 2002 to Septem-
ber 2004. The sampling area covered a wide area of the Naples and
Caserta provinces, where samples of milk and dairy products were
taken. Animal feed contamination levels were also determined by
taking samples at the same farms where milk samples were col-
lected. In particular, buffalos, the most valued dairy species inthe area, were extensively sampled. Results showed that a correla-
tion existed between the PCDD–PCDFs levels detected in buffalo
milk and those detected in animal feed collected in the same farm
(Diletti et al., 2008).
In addition, the analysis of congener proﬁles suggested a strong
possibility that dioxin contamination in buffalo milk could be
linked to uncontrolled urban and industrial waste incineration (Di-
letti et al., 2008). In contrast, no investigation was performed to as-
sess the dioxin exposure of the population resident in the area of
interest.
The aim of this paper is to assess dioxin exposure of human
population, and its correlation with environmental and dietary fac-
tors in the provinces of Caserta and Naples. Data used for the
assessment are the results of tests performed in 2006 on 100 breast
milk samples, provided by donors from the two provinces. The geo-
graphical distribution of sampling was able to ensure representa-
tiveness of the different local conditions. The study was ﬁnanced
by the Ministry of Health.2. Materials and methods
2.1. Sampling area
The study area encompassed Naples and Caserta provinces,
where the practice of illegal waste dumping is widespread. To ob-
tain a representative geographical distribution of samples from the
study area, the total number of volunteer mothers to be recruited
was stratiﬁed according to a previous investigation carried out in
the area of interest by the World Health Organization (WHO), in
cooperation with several Italian public scientiﬁc institutions (Mar-
tuzzi et al., 2007). In this study 196 municipalities in Naples and
Caserta provinces were sorted into ﬁve groups of increasing envi-
ronmental exposure to the presence of illegal dumping. To design
the breast milk sampling scheme of our study, the entire dataset
of the WHO study was dichotomised by grouping the ﬁve classes
of environmental exposure into two classes: low-risk municipali-
ties (groups 1–2 of the cited study) and high-risk municipalities
(groups 3–5). The sample was equally stratiﬁed in the two classes
of municipalities.
2.2. Environmental information
Besides the classiﬁcation of municipalities according to the
WHO study, which was mainly based on the presence of dumping
sites, additional environmental information was also collected to
assess the level of risk to which the recruited mothers were
exposed.
Data issued from a previous study published by the authors on
dioxin levels in buffalo milk from different herds fed with feed of
local origin were used as indicators of environmental contamina-
tion due to dioxins. A total number of 291 buffalo milk samples
from the Campania region were analysed between 2002 and
2004 (Diletti et al., 2008).
Data on the presence of dumping sites and on the fraction of
population in each municipality living in the impact area of the
dumping sites were collected from the WHO study (Martuzzi
et al., 2007).
Data on the practice of solid waste illegally burned in the prox-
imity of the residence of sampled volunteers were collected
through a direct interview of the mothers themselves.
2.3. Collection of samples
From the study area, a total of 100 volunteer mothers who had
given birth to newborns at the St. Anna & St. Sebastian Hospital
Table 1
Summary of the main studies published worldwide since 2002 on PCDD–PCDFs levels in breast milk samples.
References Country Period of
sampling
Donors selection and origin PCDD/F TEQ98 PCDD/F TEQ05 Pooled/individual
samples
pg g1 fat pg g1 fat
Mean and range Mean and range
This study Italy 2007–2008 95 primiparae, under 32 years of age 8.47 (3.81–
18.97)b
6.46 (2.89–
14.64)b
Individual samples
From provinces of Naples and Caserta in southern Italy
Body burdens were compared to environmental risk based on a continuous scale, without
dichotomization
Sun et al. (2010) China 2006–2007 60 primiparae, under 30 years of age ND 4.2 (1.4–7.13) Individual samples
From northern Chinese cities of Shijiazhuang, Tiantin and Yantai
Schuhmacher et al.
(2009)
Spain 2007 15 primiparae, 25–35 years ND 7.6 (2.8–11.2) Individual samples
9 living in urban zones + 6 women living near an industrial area
Mannetje et al. (2013) New
Zealand
2007–2010 39 primiparae, 20–30 years ND 3.54 (1.39–
10.83)
Individual samples
From rural and urban areas
Chao et al. (2005) Taiwan 2001 30 primiparae, 20–35 years 7,37 (4,03–13,04) ND individual samples
Central Taiwan
Chovancová et al.
(2011)
Slovakia 2006–2007 33 primiparae, 17–36 years 9.1 (2.3–39.1) ND Individual samples
Living close to industrial areas and incinerators
Kamin´ska et al. (2013) Poland 2008–2010 40 primiparae, 22–38 years 5.053 (0.261–
11.01)
ND Individual samples
From urban and rural areas
Lignell et al. (2009) Sweden 1996–2006 183 primiparae, 19–41 years 8.2 (2.8–23.0) 7.0 (2.3–19.0) Individual samples
From Uppsala County
Raab et al. (2008) Germany 2005 42 primiparae, 22–46 years 9.92 8.17 Individual samples
From Bavaria (samples collected in Munich Hospital)
Schecter et al. (2002) Russia 1998 18 primiparae, age range not speciﬁed 23.76 (10.10–
54.59)
ND Individual samples
Living in industrialized cities near Lake Baikal
Guan et al. (2006) Japan 1999–2000 120 primiparae + 120 secundiparae, 25–34 years 17.02 ND Individual samples
From Tokyo
Reported values refer to primiparae onlya
Reis et al. (2007) Portugal 1999–2003 Primiparae and multiparae, 18–52 years 9.2 (2.8–20.9) ND Individual samples
From Lisbon Community and Madeira Community
Reported values refer to primiparae only (98 donors, 18–40-year old)a
Todaka et al. (2008) Japan 2002–2004 30 primiparae, 21–40 years; 30 multiparae, 21–47 years 7.4 (4.0–22.0) ND Individual samples
Living in Sapporo
Reported values refer to primiparae onlya
Shen et al. (2012) China 2008 74 primiparae and multiparae, 19–29 years ND 2.78 (0.66–
12.30)
Individual samples
Living in Zhejian province: 23 urban area + 51 rural area
Wittsiepe et al. (2007) Germany 2000–2003 169 mothers, parity not speciﬁed, 19–42 years 13.84 (1.80–
34.70)
ND Individual samples
Living in an industrialized area of Germany
Çok et al. (2009) Turkey 2007 51 primiparae and multiparae, 20–40 years 7.18 ND Individual samples
From ﬁve different cities throughout Turkey
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Costopoulou et al.
(2006)
Greece 2003 8 mothers, parity not speciﬁed, 28–44 years 7.27 (3.43–11.28) ND Individual samples
Living in different areas in Athens
Focant et al. (2013) France 2007 44 primiparae and multiparae, 24–41 years 13.36 (0.86–
42.22)
ND Individual samples
From Ile-de-France and from the region Rhône-Alpes
Focant et al. (2002) Belgium 2000–2001 20 primiparae and multiparae, 26–38 years 29.4 (16.0–52.11) ND Individual samples
Living in or close to the industrial area of Liege (Wallonia)
Ulaszewska et al.
(2011)
Italy 2008–2009 59 primiparae and multiparae, 20–40 years ND 4.37 (1.26–9.55) Individual samples
From Milan, Piacenza and Giugliano in Campania (province of Naples)
Bake et al. (2007) Latvia 2002–2004 30 primiparae, age not speciﬁed 7.66 ND Pooled samples
15 from industrial area + 15 not exposed
Abballe et al. (2008) Italy 1998–2001 39 primiparae, age range not speciﬁed 12.56 ND Pooled samples
From Venice and Rome
Comparison based on food habits
Li et al. (2009) China 2007 24 pooled samples from 1237 primiparae, 18–35 years 3.73 (1.66–6.67) 3.12 (1.38–5.82) Pooled samples
From 12 provinces. In each province, one urban site and two rural sites were sampled
Pratt et al. (2012) Ireland 2010 11 pooled samples from 109 primiparae, 20–41 years 6.32 ND Pooled samples
Comparison of data from Dublin, Cork, Wicklow and Donegal in 2002, and Dublin and Galway in
2010
Reported values refer to 2010 onlya
a Reported values = values in columns PCDD/F TEQ98 and PCDD/F TEQ05.
b The median is reported instead of the mean.
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80 A. Giovannini et al. / Chemosphere 94 (2014) 76–84(Caserta) were enrolled. To obtain reliability of exposure data, and
to allow comparison with previous exposure studies, donors were
selected according to WHO protocol (WHO, 2007), using the fol-
lowing criteria: primiparous mothers below 32 years of age, who
have been residing at least for the previous 10 years in the sam-
pling area, exclusively breastfeeding. Both mother and child were
apparently healthy and pregnancy was without complications.
All participants gave written informed consent.
Enrolled women were provided with accurate instructions on
how to collect and temporarily store breast milk samples. Sam-
pling occurred between the second and eighth week after delivery.
At least 50 mL of milk were collected during or immediately after
the breastfeeding, within a 48-h interval. Each mother collected
the sample in glass containers, either using a human milk pump
or manually. Subsequently, all the individual samples were stored
at the St. Anna & St. Sebastian Hospital, and separately kept at
+4 C for a maximum of 72 h, and for longer time at 20 C. Finally,
samples were sent to the Italian National Reference Laboratory for
Dioxins and PCBs, where the laboratory analyses were performed.
The study design also included a questionnaire to collect data
on the exposure to possible risk factors. In detail, the risk factors
and type of data considered were as follows: age of the mother,
smoking habits, frequency of cheese consumption and origin (local,
national or both) of the consumed cheese, occupation in activities
at risk, presence of toxic waste disposal plants or illegal burning of
solid waste near the residence of the donor.
Data collected with the questionnaire, and the analytical results
were used for statistical evaluation of the parameters that inﬂu-
enced the body burden.2.4. Chemical analysis
Milk from individual mothers (50–100 mL) was spiked with the
speciﬁc PCDD–PCDFs standard solution, a mixture of 13C12-labelled
congeners.
Fat was extracted from samples by a liquid–liquid extraction
procedure. After solvent evaporation, gravimetric lipid determina-
tion was performed.
The resulting extract was cleaned up using sulphuric acid and
potassium hydroxide, followed by an automated cleanup process
with silica gel, alumina and activated carbon columns.
Each batch of seven samples was accompanied by a laboratory
blank and a control sample.
PCDD–PCDFs were separated by high resolution gas chromatog-
raphy (HRGC) on a DB5 MS capillary column (60 m  0.25 mm,
0.10 lm ﬁlm thickness), and determined by high-resolution mass
spectrometry (HRMS), at a resolution of 10000 in the selected
ion monitoring mode (SIM). The HRGC–HRMS system consisted
of a GC Trace Series 2000 coupled with a MAT 95 XP (Thermo
Fischer, Bremen, Germany).
Toxic equivalent (WHO-TEQ98-PCDD–PCDFs and WHO-TEQ05-
PCDD–PCDFs) values were calculated using the toxic equivalent
factor model proposed by World Health Organization in 1997
(Van den Berg et al., 1998), and then revised 2005 (Van den Berg
et al., 2006). Both calculation methods were used for the sake of
comparison of our results with those in the published literature,
where, in many cases, only one of the methods is reported. The sta-
tistical analyses performed in this study are based on the values of
WHO-TEQ98-PCDD–PCDFs.
WHO-TEQs were calculated as upper bound concentrations,
assuming that all values of speciﬁc dioxins congeners below the
limit of determination (LOD) are equal to the respective LOD.
For the PCDD–PCDFs analysed, 13C12-labelled congeners recov-
ery rates ranged from 60% to 90%. Analytical uncertainty was in
the order of ±15% for WHO-TEQs.2.5. Statistical analysis
The environmental datasets analysed in the study were not di-
rectly comparable to each other. Most data were referred to the
municipal basis, while the measurements of dioxins in buffalo milk
samples were individually geo-referenced at the geographical
coordinates of the holding where buffaloes were kept. For the sta-
tistical analysis, it was necessary to degrade the geographical infor-
mation available to a common degree of detail. Therefore, all data
were assigned to the relevant municipality.
To transform the point data on concentration of dioxins in buf-
falo milk into a municipal average, an interpolation based on Or-
dinary Kriging was used (Burrough, 1986).
For each municipality, interpolation surface average of this con-
centration was used as an indicator of the risk level for the entire
municipality. For simplicity, this indicator is referred to as Environ-
mental Dioxin Risk (EDR) by the authors hereafter.
To choose the proper statistical analysis to apply normality of
the distributions used in the analysis was evaluated (Siegel and
Castellan, 1988).
The role of the possible factors affecting dioxins levels in breast
milk was evaluated by analysis of covariance (ANCOVA). In the
model, age, EDR, the 5 classes of environmental exposure of the
WHO study, smoking habits, cheese consumption, the mothers’
occupational exposure, presence of solid waste disposal facilities,
and illegal solid waste burning in the proximity of the donors’ res-
idence were considered as risk factors. Concerning the exposure to
cheese, only the frequency of its consumption was considered,
because only 7% of the donors declared not to consume cheese of
local origin. All donors who consume cheese at least twice a week
were considered exposed.
Finally, the correlation between the percentage of the dumping
sites’ impact area in the total municipality area and the EDR was
investigated using the Spearman rank correlation coefﬁcient.3. Results
3.1. Comparison between EDR and the WHO study
The geographical distribution of EDR in the study area and in
the neighbouring province of Benevento is shown in Fig. 1. The
highest values of EDR are located in the urban areas along the bor-
der between Caserta and Naples provinces.
The municipalities characterized by the high values of EDR are
those with the highest scores on the index of exposure in the
WHO study. This relation is statistically signiﬁcant, since the
Spearman rank correlation coefﬁcient between the index of expo-
sure and the EDR in the municipalities was q = 0.275 (p < 0.0001).
Therefore, the geographical distribution of the EDR illustrated in
Fig. 1 was considered as a risk map for exposure to dioxins, and
used in all subsequent analyses.3.2. Contamination levels in breast milk
The sampling involved 45 municipalities located in Caserta, Na-
ples and Benevento provinces. A total of 100 breast milk samples
were collected between June 2007 and May 2008.
After preliminary analysis, a total of ﬁve samples were ex-
cluded: for two of the ﬁve were collected from donors over
32 years of age, and the other three were collected in the Beneven-
to province, which was not included in the study area.
Of the remaining 95 samples, a total of 48 samples were taken
from low-risk municipalities, and 47 samples from high-risk
municipalities. A total of 41 municipalities in the study area were
sampled.
Fig. 1. Geographical distribution of the Environmental Dioxin Risk (EDR) derived
from 291 buffalo milk samples. Dioxin levels are expressed as pg WHO-TEQ98 g1
fat.
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ers inbreastmilk are reported inTable 2. The results are expressed as
pg g1 milk fat, and the total equivalent toxicity as WHO-
TEQ98-PCDD–PCDFs and WHO-TEQ05-PCDD–PCDFs pg g1 milk fat.
The median concentration of WHO-TEQ98-PCDD–PCDFs was
8.47 pg g1 fat. The pattern of congeners is very similar in allTable 2
PCDD–PCDFs levels in breast milk samples collected between 2007 and 2008 from 95 prim
pg g1 fat and as WHO-TEQ98-PCDD–PCDFs and WHO-TEQ05-PCDD–PCDFs (pg WHO-TEQ
Contaminant Concentratio
Dioxins and furans (pg g1 fat) Median
2,3,7,8-TCDD 0.70
1,2,3,7,8-PeCDD 2.57
1,2,3,4,7,8-HxCDD 0.98
1,2,3,6,7,8-HxCDD 5.55
1,2,3,7,8,9-HxCDD 0.96
1,2,3,4,6,7,8-HpCDD 5.12
OCDD 32.34
2,3,7,8-TCDF 0.41
1,2,3,7,8-PeCDF 0.31
2,3,4,7,8-PeCDF 7.48
1,2,3,4,7,8-HxCDF 2.26
1,2,3,6,7,8-HxCDF 2.12
2,3,4,6,7,8-HxCDF 1.00
1,2,3,7,8,9-HxCDF 0.01
1,2,3,4,6,7,8-HpCDF 1.54
1,2,3,4,7,8,9-HpCDF 0.04
OCDF 0.31
WHO-TEQ98-PCDD–PCDF (pg WHO-TEQ g1 fat) 8.47
WHO-TEQ05-PCDD–PCDF (pg WHO-TEQ g1 fat) 6.46samples, although the total concentrations of PCDD–PCDFs are
different among mothers from different municipalities. The con-
tamination proﬁles were not signiﬁcantly grouped in different
clusters, indicating a possible common source for the
contamination.
The contamination proﬁle is in line with those reported in other
biomonitoring surveys conducted in Europe (Focant et al., 2002;
Wittsiepe et al., 2007).
The geographical distribution of the mean concentration of
PCDD–PCDFs in breast milk, standardized by age to the median
age of the mothers in the sample, is shown in Fig. 2.
This geographical distribution overlapped the distribution of
the most contaminated municipalities (Figs. 1 and 2). This observa-
tion has been conﬁrmed by the analysis of covariance.
3.3. Factors inﬂuencing PCDD–PCDFs levels in breast milk
The distribution of WHO-TEQ98-PCDD–PCDFs values in breast
milk was not signiﬁcantly different from a normal distribution,
and did not require transformations to ensure normality.
The summary results of the analysis of covariance for the con-
centration of PCDD–PCDFs in breast milk are shown in Table 3.
The parameters of the model and the statistical signiﬁcance of
the variables analysed are shown in Table 4.
The concentration of PCDD–PCDFs in breast milk is signiﬁcantly
correlated to the EDR and the age of the sampled women. A signif-
icant association was also found with the presence of illegal burn-
ing of solid waste in the vicinity of the residence of the sampled
women.
Finally, a signiﬁcant correlation was observed between the per-
centage of municipal area impacted by dumping sites and the EDR
(Spearman rank correlation coefﬁcient q = 0.344, p < 0.0001). This
signiﬁcant correlation might be due to one of the possible sources
of dioxins contamination, such as the illegal burning of solid waste
disposed in the dumping sites.
4. Discussion
4.1. Comparison between the present study and the published
literature
A difﬁculty in comparing studies performed in different years is
the use of two different sets of TEQ (WHO-TEQ98-PCDD–PCDFs and
WHO-TEQ05-PCDD–PCDFs). Studies published before 2006 useiparae donors resident in Caserta and Naples provinces, expressed as concentration in
g1 fat).
n of the contaminant
25th–75th percentile Range
0.57–0.93 0.30–2.19
1.85–3.00 1.13–6.65
0.78–1.27 0.30–3.29
4.13–6.71 2.35–20.51
0.72–1.27 0.05–3.45
4.15–6.99 1.20–20.95
26.37–51.30 12.43–126.38
0.31–0.61 0.03–1.30
0.18–0.43 0.01–1.11
5.53–8.83 3.38–15.89
1.78–2.81 1.28–5.26
1.62–2.64 1.00–4.88
0.71–1.34 0.03–2.43
0–0.05 0.00–0.25
1.27–2.56 0.24–66.56
0.01–0.10 0–5.29
0.18–0.60 0–14.76
6.64–9.81 3.81–18.97
5.10–7.50 2.89–14.64
Fig. 2. Mean value of dioxins level reported in breast milk per municipalities. The
concentration of dioxins in milk was standardized according to the age of the
mother to the value expected for the median age of all donors participating in the
study (29 years), based on the regression line obtained in the Analysis of covariance.
Dioxin levels are expressed as pg WHO-TEQ98 g1 fat.
Table 3
Summary results of the analysis of covariance for the concentration of PCDD–PCDFs in
breast milk.
Source DF Sum of squares Mean of squares Fisher’s F Pr > F
Model 3 191.84 63.95 12.12 9.612e07
Residues 91 480.26 5.28
Total 94 672.10
Table 4
Parameters of the model for PCDD–PCDFs and the statistical signiﬁcance of the variables
Parameter Value Standard
error
Intercepta 2.889 2.308
Agea 0.366 0.080
EDRa 0.193 0.070
Illegal burning of solid waste – Noa 0.000 –
Illegal burning of solid waste – Yesa 1.840 0.691
Work in industry at risk Variables not in the ﬁn
Presence of plants for disposal of solid waste near the
residence
Smoker
Consumption of cheese
Classiﬁcation of municipalities according to Martuzzi et al.
(2007)
a Variables signiﬁcantly correlated to PCDD–PCDFs levels in breast milk.
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WHO-TEQ98-PCDD–PCDFs or WHO-TEQ05-PCDD–PCDFs or both
can be found. This complicates the comparisons along time. For
the sake of comparability, in our study we expressed the results
using both methods.
Considering the WHO-TEQ98-PCDD–PCDFs, in which most stud-
ies express their results, a general remark that can be drawn from
the exam of Table 1 is that the upper limits of the range for indus-
trial areas are between 20 an over 50 pg g1 fat, while elsewhere
the upper limits are generally below 20 pg g1 fat. The average bur-
den is within narrower bounds than the upper limit (3.73–
23.76 pg g1 fat) for all studies. Our study involved rural and urban,
but not industrial areas, and according to the previous remark, the
upper limit of the range was 18.97 pg g1 fat.
Finally, it can be noticed from Table 1 that (within the same set
of TEQ and under similar environmental conditions) older studies
have higher values of PCDD/Fs concentrations then more recent
ones.
4.2. Comparison between the EDR and the WHO study
On the basis of our analysis, the municipalities with high values
of EDR coincided with those that had received the highest score of
the index of exposure in the WHO study. Nevertheless, the EDR, as
calculated in our study, could probably provide a better indicator
of the contamination level of dioxins compared with the index of
exposure in the WHO study. The score in the WHO study was
based on the presence of dumping sites, which are not the sole
source of dioxins. The signiﬁcant correlation between the concen-
trations of dioxins in breast milk and the EDR would support our
assertion.
4.3. Contamination levels in breast milk
Previous surveys carried out in Italy and globally showed con-
tamination levels within the same range detected in this study,
with average values slightly higher: pooled breast milk samples
collected between 1998 and 2001 in Rome recorded total WHO-
TEQ98-PCDD–PCDFs values of 9.40 pg g1 fat, while in Venice con-
centrations were 11.6 pg g1 fat in the sub-population with high
ﬁsh consumption, and 14.8 in the sub-population with low con-
sumption of ﬁsh (Abballe et al., 2008). In our study, the range of
WHO-TEQ98-PCDD–PCDFs values was 3.81–18.97, and the average
was 8.53 pg g1 fat.
In the frame of the third WHO Human Milk Field Study con-
ducted in 2000–2002, pooled milk samples from Italy reported
WHO-TEQ98-PCDD–PCDFs levels of 12.66 pg g1 fat. These data, to-
gether with those of a few other countries, represented the highestanalysed.
Student’s
t
Pr > t 95% Lower conﬁdence
limit
95% Upper conﬁdence
limit
1.252 0.214 7.412 1.634
4.587 1.43e05 0.210 0.523
2.752 0.007 0.056 0.331
– – – –
2.662 0.009 0.485 3.195
al model
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(Malisch and van Leeuwen, 2003).
In Italy, only another study was conducted based on individual
samples of breast milk, therefore thoroughly comparable to our
study (Ulaszewska et al., 2011). The authors compared the levels
of contamination by dioxins in breast milk of women from Milan
(Lombardy region), Piacenza (Emilia Romagna region) and Giugli-
ano (near Naples in Campania region). The results from their study
were expressed in the new format of WHO toxicity equivalent fac-
tors (WHO-TEQ05-PCDD–PCDFs). The contamination levels in
breast milk in their study were in the same range in the three cit-
ies, but with a higher mean in Milan and Piacenza than in Giugli-
ano (mean and range: Milan: 4.70, 2.42–9.55; Piacenza: 4.67,
2.43–7.70; Giugliano: 3.78, 1.26–9.44). Our study included six
mothers from Giugliano in Campania and their mean and range
of contamination level, expressed in WHO-TEQ05-PCDD–PCDFs,
were 6.40 and 4.07–8.43 respectively. Our study also included
other municipalities of Caserta and Naples provinces, in both high
and low contamination areas. Overall, the contamination detected
in our study had a mean and range of 6.53 and 2.89–14.64 respec-
tively, when expressed as WHO-TEQ05-PCDD–PCDFs. This informa-
tion clearly indicated that the average contamination of the study
area of Caserta and Naples is similar to that of the cities of Milan
and Piacenza, but the highly contaminated municipalities of Caser-
ta and Naples have dioxins concentrations that are up to 1.5 times
the maximum contamination recorded in Milan by Ulaszewska
et al. (2011).
In comparing data from studies performed over the past years,
it must, however, be considered that a trend of declining concen-
trations of PCDD–PCDFs has been observed in many industrialized
countries. A possible explanation is the reduction in the emission
of these contaminants in the environments (Norén and Meironyté,
2000; La Kind et al., 2001; Stigum et al., 2005; Wittsiepe et al.,
2007; Todaka et al., 2008).
4.4. Factors inﬂuencing dioxin levels in breast milk
The analysis of covariance detected an association between the
level of contamination in breast milk and the age of the mother, the
level of EDR and the presence of illegal burning of solid waste in
the vicinity of the residence of the sampled woman.
The association between the age of the woman and the concen-
tration of dioxins in the milk has been already reported in the sci-
entiﬁc literature (Wittsiepe et al., 2007; Todaka et al., 2008).
The main source of dioxins for human beings is dietary. Within
this context, foods of animal origin represent the predominant
source, accounting for about 90%. The signiﬁcant correlation be-
tween the EDR and the levels of contamination in breast milk is,
in fact, an indication of the dietary importance of locally produced
food despite the uniformity of diet fostered by modern distribution
chains. Despite the contamination detected in buffalo milk and de-
spite the spatial association observed between the contamination
of buffalo milk and the levels of dioxin in human breast milk, the
results obtained in the analysis of covariance, however, suggest
that locally produced cheese was not the main source of exposure
to dioxins.
The association between the level of contamination of breast
milk and the presence of illegal burning of solid waste in the vicin-
ity of the sampled mothers’ residence would indicate that the local
foods’ source of dioxin contamination could be the illegal burning
of solid waste. This indication is further conﬁrmed by the signiﬁ-
cant Spearman rank correlation coefﬁcient between the percent-
ages of municipal area impacted by dumping sites and the
concentration of dioxins in buffalo milk in the municipalities
(EDR). The source of contamination, therefore, could be the burn-
ing of solid waste at the illegal dumping sites.5. Conclusions
On the basis of our analysis, the municipalities with high values
of EDR coincided with those that had received the highest score on
the index of exposure in the WHO study.
Previous surveys carried out in Italy showed contamination lev-
els within the same range detected in this study, and the contam-
ination proﬁle is in line with those reported in other biomonitoring
surveys conducted in Europe.
The concentration of dioxins in breast milk is signiﬁcantly cor-
related to the EDR, and with the age of the sampled women. A sig-
niﬁcant association was also found with the presence of illegal
solid waste burning in the vicinity of the sampled women’s
residence.
Throughout our study, the level of environmental exposure of
the sampled subjects is measured following continuous scales:
the EDR is a continuous variable, as is the percentages of municipal
area impacted by dumping sites. The use of a continuous scale in-
stead of a dichotomous or polytomous classiﬁcation allows the use
of a statistical analysis with a higher potency than that allowed by
dichotomous comparisons. It is, therefore, particularly suitable for
detecting ﬁne differences and general patterns.
The results obtained by the various phases and components of
the statistical analysis performed conﬁrm each other, and the gen-
eral hypothesis of the study, in a consistent way.
In conclusion, the approach of this study would represent a use-
ful model for the assessment of the exposure of human beings to
dioxins.Acknowledgement
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